In many cultivars of maize if caryopses are germinated in darkness the primary roots are plagiotropic (i.e. grow parallel or nearly parallel to the surface) (1, 3, 6, 8) . Illuminating these roots induces gravitropic curving, with R2 (660-670 nm) and to a lesser degree B (410-640 nm) particularly effective in promoting downward curving (1, 3, (5) (6) (7) (8) (9) . However, disagreement exists as to whether this response is controlled exclusively by phytochrome or whether another distinct B light-absorbing pigment is involved. Suzuki and Fujii (8) were unable to reverse the promotive effects of R with a subsequent FR (730 nm) light treatment and therefore concluded that the gravitropic response in Zea roots ".may not be controlled by phytochrome." On the other hand, Shen-Miller (7) and later Mandoli et al. (3) were able to prevent R-induced curving by following the R with FR. These workers concluded that light-induced gravitropism in maize roots was mediated by phytochrome. In this investigation we have reexamined the issue of phytochrome control of root gravitropism.
We provide data which suggests that the VLF of phytochrome (2) is an equally plausible explanation for the inability of some workers to obtain FR reversibility. In addition, we have investigated whether the reported effects of B on root curving could be associated with a pigment different from phytochrome.
MATERIALS AND METHODS

Materials. Zea mays cv. Merit (obtained from Asgrow Seed
Co., Tracy, CA) was used for this work. Caryopses were imbibed for 2 h in the dark in rapidly running warm water (25°C). to 25°C dark room. Forty-two to forty-eight h later in very dim green light ( (Fig. 2) . The response saturates near 10' mol m-2, again with a final curvature of nearly 600.
The promotive effects of a saturating fluence (1.7 x 10-l mol m-2) of R light on curving could only be reversed partially by FR. Indeed, FR alone (4.4 x 10-5 mol mr2) promoted significant curvature (Table I) . A subsaturating fluence of R (2 x 10-7 mol Mr-2) will produce the same magnitude of curvature whether given over 1, 10, or 1000 s (Fig. 3) . Hence the recirpocity law is valid over this range. DISCUSSION Light-induced gravitropic curving in roots of Z. mays variety Merit is mediated exclusively by phytochrome and does not involve a separate B light absorbing pigment. Blue irradiation is effective at inducing root curving, but the fluence of B required for induction was well as for maximum curvature (600) is 50 to 100 times greater than the fluence of R needed for these same responses (Figs. 1 and 2) , and is near the ratio for phytochrome phototransformation by B and R in vivo in maize coleoptiles (4) . Thus our interpretation is that in Merit, B is effective via phytochrome phototransformation.
Shen-Miller (7) reported that in the maize variety Wisconsin hybrid 64A x 22 R, B light was effective in inducing root gravitropism and that the promotive effects of B could be reversed by FR light. Her data thus also argue against the participation in gravicurvature of a separate B light absorbing pigment distinct from phytochrome. In cress, however, Hart and MacDonald (1) argue that the gravicurvature differs between R-and B-irradiated roots. Using equal fluences ofR and B, these workers report a curvature of 49 ± 20 for R-irradiated roots and a curvature of 54 ± 30 for B-irradiated roots. Because of this supposed difference in the degree of curvature, these workers have argued for the participation of a B light absorber distinct from phytochrome, in light-induced root curving in cress. However, since fluence response curves were not provided for either R or B, we do not know the threshold fluence for curvature induction, nor the fluence at which maximum gravicurvature (saturation) was attained. Knowing such information is important for determining the relationship of a particular fluence to the gravicurvature response. For example, if the fluence of B used was great enough to saturate the phytochrome response (via the absorption of phytochrome in the B) one would not expect to see any significant statistical differences in the maximum angle of curvature between R-and B-irradiated roots. Thus, we would suggest that for cress fluence response curves for both B and R are required before one can make any definitive statement as to whether phytochrome alone or phytochrome and separate B light photoreceptors play a role in light-induced gravicurvature.
In Z. mays Merit the inability ofFR light to reverse completely the promotive effects of R would by itself argue against a role for phytochrome in root curvature. This observation however, coupled with the high sensitivity of roots of Z. mays Merit to R (threshold l0-9 mol m-2) classify this response as a phytochromemediated very low fluence response (VLF) (see Mandoli and Briggs [2] ). As reported for other cultivars of maize (3), in Merit also, fluence and pulse duration can be varied reciprocally over long periods of time (1-1000 s) without failure of reciprocity (Fig. 3) tropism can require that the FR fluence be at least 100 times greater than the R. This is also the case with R-light induced inhibition of mesocotyl elongation (10) . Here too FR must be 100 to 1000 times greater fluence than the R in order to bring about photoreversibility. Thus, if one is to exclude a role for phytochrome based solely on a lack of FR reversibility, it is necessary to have fluence response curves for both R and FR, and also to show that the FR alone is ineffective.
From our work and an analysis of the literature we conclude that phytochrome is the only pigment mediating light-induced gravitropic bending in roots.
LITERATURE CITED
